Abstract: Information and inventory are alternate approaches to managing uncertainty and coordination among trading partners. Application of these approaches is carried out through business processes that mediate customer/supplier relationships. These business processes vary on a continuum from tight coordination, e.g. vendor managed inventory, to loose coordination, spot-buy auctions. The value of electronic business is that it lowers the cost of implementing these business processes, and thereby expands the range of choices available to trading partners. Ideally, dyadic trading partner relationship management should be extended to whole-system supply chain coordination. Given business realities, however, supply chain change will be limited to better multiple, one-to-one relationships. A powerful mechanism for improving these relationships is the ability to inform local choice with knowledge about system-wide behaviour. To achieve this improvement, collective action is needed to develop standards in support of data interoperability.
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Introduction
Supply chains refer to the business relationships that bind companies together in a network of customer/supplier relationships. There are three reasons for a company to optimise its supply chain:
• improve customer service (e.g., on time delivery or response to unexpected demands)
• improve internal operating efficiency (e.g., lower scrap rates, lower premium freight, fewer setups)
• reduce inventory risks (e.g., holding costs, aged material and parts)
For each objective, the key is to manage uncertainty. The greater the certainty, the greater one's ability to control process and serve customers. The tighter and more complex the dependencies among trading partners, the greater the criticality of suffusing supply chains with dependable coordinating mechanisms. Progress toward better supply chain management depends on a mixture of tactics, some of which can be implemented by individual sets of trading partners, and some of which will require industry-level activity. In this paper we propose a single framework which encompasses both realms of action, which describes the boundary between them, and which argues that the value of industry-wide action depends on it's ability to enable more localised and trading-partner-specific action.
We begin by articulating the trade off between two ways of managing uncertainty, using inventory as a buffer or relying on information to predict requirements. We then extend the information/inventory perspective to explain coordination among trading partners. In the second section we present the tools available to business for managing uncertainty and coordinating activities in their supply chains. These tools take the form of business models (e.g., vendor managed inventory, auctions) that mediate customer/supplier relationships. We argue that the technology and business processes that constitute electronic business (EB) lower the costs of implementing customer/supplier business models, and thereby expand the range of choices available to trading partners. In the third section, we present the pros and cons of two approaches to supply chain optimisation -local optimisation in the form of improving the interfaces between companies in adjacent tiers, and optimisation of the supply chain as a whole. The final section argues that improved communication is the most promising tactic for improving supply chains because better communication increases opportunities for greater contextspecific, and trading partner specific, problem solving. We maintain that the key to better communication is improved data interoperability. While this recommendation will not yield a complete solution, we believe that it is a particularly promising leverage point for bringing about better functioning supply chains.
Managing uncertainty with inventory and information
One way to look at supply chain management is to see it as a set of interorganisational arrangements whose purpose is to manage uncertainty. (We define uncertainty in terms of the probability of an event either occurring or not occurring. Certainty is highest when an event's probability is 0 or 1. Uncertainty is highest when the probability of an event is 0.5.) This is so because each member of a supply chain has a core commitment to deliver particular goods, to a particular place, at a particular time. This fundamental commitment becomes ever more difficult to meet as uncertainty increases in suppliers' capacity or customers' needs. One way to manage uncertainty is with inventory as a hedge against the vagaries of supply sources and fluctuations in demands from customers. A second tactic for managing uncertainty is to keep inventory low, but to have good information on what suppliers can deliver, and what customers will demand. Or, as Lee and Whang put it, "inventory and communication are economic substitutes". [1] Both the 'information' and 'inventory' approaches have costs. The critical question is what the inventory/information balance should be, given specified targets for internal efficiency and customer service.
Of course real-world decisions about inventory levels and information dependency are more complex than a simple trade off. This complexity exists because the relative value of the two approaches is exquisitely context dependent. To illustrate, consider some of the factors at play.
• Depending on the overall cost structure of production, it may be cheaper to run a plant at full capacity and maintain inventory, than to keep inventory low. For instance, in screw machine production, set-up costs are high relative to the cost of material and operation.
• High inventory may support a business model, as would be the case if a company's reputation depended upon fast response to low-probability customer needs.
• The relative value of information and inventory as uncertainty management tactics will change depending upon the volatility of demand for one's products, and the reliability of one's supply chain.
• The total amount of uncertainty management that a business requires will depend on the lead-time demanded by one's customers, relative to the responsiveness of one's supply chain.
• The value of working in an information-rich environment will depend on the extent to which one's business is caught up in overall trends for global sales and global sourcing.
Despite this context dependency, the 'inventory/information' ratio is a key concept in understanding strategic choices about how a business interacts with its trading partners. For any given setting, business people should consider the 'inventory/information' ratio as one of the important lenses through which they should organise decision making. So doing will provide an organising framework for a host of issues relating to customer demand, supply chain reliability, trading partner relationships, environmental uncertainty, and the source of competitive advantage. The relationship between 'inventory' and 'information' is illustrated in Figure 1 . Assuming that a choice can be made to rely exclusively on either information or inventory, two lines can be drawn which show how the cost of managing uncertainty changes with the degree of uncertainty. The actual shape of curves that define the relationship is highly dependent on the specific supply chain context. Whilst the real shape of these curves awaits empirical investigation, the shapes we portray here are our best estimate of reality. With respect to inventory, we believe the line is straight through most of its length, with an upward swing when uncertainty is very high. For the most part, as the goods in inventory increase so does the investment, in direct proportion to the size of the inventory. But at very high levels of uncertainty, we believe that a series of factors may combine to result in a non-linear increase. For instance, there may come a point where a new warehouse is needed, with all its attendant building, maintenance and personnel costs. Also, as inventory increases, it becomes progressively more likely that larger amounts of goods would spoil or age. As these factors come into play, costs increase at a faster rate. While these dynamics are present in any industry, they are more acute in some than in others. Personal computers and fashion, for example, have notoriously low half-lives for their products. In all industries, however, there is a struggle to find the combination of tactics that will maximise market responsiveness and minimise costs. The information technology (IT) investment behaves in the opposite way. Early in the implementation process an IT infrastructure must be built. For instance, it may be necessary to establish workable systems for accounting, production control, inventory management and forecasting. Once this investment is made, however, costs rise at a decreasing rate as more functionality is added. Whilst costs may rise at a 'decreasing rate', they can still amount to a very large number of dollars, increasing with the volume and complexity of the information that must be managed. For purposes of explanation we deliberately simplify this complex relationship. The cost curve will jump when upgrades or major changes are made. Also, IT costs are dependent on a host of factors such as the condition of existing middleware and file management systems, and the competence of IT personnel. (See Bannister et. al. for an overview of determining these costs [2] ). Without trivialising the costs of IT, however, it is the case that, "In the past decade, the excellent cost/performance ratio of information technology, coupled with the global expansion of communication infrastructure, has enabled corporations to create and sustain large-scale strategic advantages." [3] Of course in the real world, uncertainty is managed through a combination of inventory and information. For any given setting, an acceptable solution may involve a greater investment in one method and a corresponding decrease in the other, resulting in the bands around each of the curves. What determines the shape of the 'cost vs. amount' relationship in a particular business context? It seems reasonable that important factors would include issues such as the money and time consequences of getting projections within acceptable limits, the width of those limits, and the cost of material needed to provide an adequate hedge against uncertainty. There is, however, little empirical evidence on this matter other than the work of Artz and Brush [4] , who show that in addition to environmental uncertainty, asset specificity plays a role in determining the cost of coordination in collaborative strategic alliances. How much uncertainty reduction should a company purchase? The answer depends on business requirements for coordination among the trading partners who must work together. After all, uncertainty may be a condition of a business environment, but need for coordination is a business requirement that depends on arrangements among firms working together within a context of uncertainty.
Managing dependency through business relationships
"Coordination is managing dependencies between activities" [5] . Trading partners are dependent upon one another, and for that reason, they must manage their mutual uncertainty. Supply chain business processes are the tools used to carry out that management. Each tool provides a particular level of coordination. Trading partner relationships can take on many forms, from 'very loose' to 'very tight'. Tighter relationships have strong elements of exclusivity, asset specificity, and long term contracting. (Examples appear in Figure 2 .)
The implication of this view is that business people should consider the entirety of their trading partner relationships in light of the range of business models open to them, and to ask the question, "What mix of trading partner relationships would most benefit my business"? A critical contribution of EB is that it changes the calculation as to which kind of business model is most appropriate. Or, as Albino et. al. put it in their discussion of new information technologies and the coordination of production processes, "These technologies not only change the costs of communication and decision making, but also, and more importantly, allow new coordination mechanisms to arise, thereby enlarging the space of organisational design." [6] To see why this is so, consider the pros and cons of tight business relationships, as outlined in Table 1 . Table 1 Pros and cons of local and system-wide supply chain optimisation
Pros Cons
• If a supplier can give you a competitive advantage, tight relationships can be a way of denying that advantage to your competitors • Tight relationships are a way of transferring cost and/or responsibility onto your supplier.
• Assuring long-term business to a supplier may result in a better price.
• It may be the only way of assuring a supply of what you need. This may be the case because:
• Availability may be uncertain, and a long-term contract may be the only way to assure supply.
• If you are buying tooling or highly engineered goods, suppliers will request a high degree of certainty before committing to the capital investment needed.
• Up-front costs are high because of the need to develop a relationship and negotiate terms.
• It's difficult to capitalise on changes in the business environment that may make it desirable to change suppliers.
With these pros and cons in mind, consider the nature of EB. EB is a combination of technology (e.g., networking, World Wide Web, Electronic Data Interchange, eXtensible Markup Language), and business process (e.g., industry portals, auctions) which, in the right combination, can lower the transaction costs of interacting with trading partners. There is empirical evidence that it not only can, but that it does lower these costs. Brynjolfsson et. al. demonstrate that investment in IT leads to smaller firm size, and that it does so because it lowers the coordination costs of cross-firm interaction, thus shifting the make/buy equation in favour of outsourcing [7] . With lower costs come increased opportunities to choose from a wider range of business models. EB can provide more coordination from looser business models because it enables global, or at least greatly expanded, sourcing. By expanding the search domain for a business, EB affects the last two elements in the Pros column of Table 1 (pricing and assured supply). Global sourcing affects 'pricing' by increasing the number of companies competing for business. It changes 'assured supply' because the greater the number of potential suppliers, the more likely it is that parts and supplies will be available, even without a tight business relationship with a few select suppliers.
Tight relationships are sometimes the business model of choice. For instance, Dyer shows that in the automotive industry, a production network characterised by plant proximity and human co-specialisation outperforms networks that are more loosely organised [8] . When circumstances dictate a tight relationship, EB has the potential to lower the cost of making the relationship work. This is because tight business relationships often require a highly synchronised flow of large amounts of information between a customer and a supplier. (Just in Time delivery is an excellent example). That kind of communication quickly becomes impractical without very good information and networking systems. The contribution of EB to supply chain management is illustrated in Figure 3 and contains these elements:
• the tighter the business relationship, the greater the cost of implementation and maintenance
• for any business model, EB can lower the cost
• EB provides an expanded range of affordable business models. 
Local vs. system-wide optimisation
Almost all supply chain management involves information flow and coordination between a company and its customers and direct suppliers. This is reasonable because those are the relationships that are bound together by contractual obligations. Thus 'supply chain optimisation' usually means a series of local optimisations. Since many trading partner relationships (especially below the OEM/first-tier level) are very far from optimal, improving one-to-one coordination would result in much improved supply chain functioning. Thus it is a good idea to establish a system whereby each member of the chain has an incentive to put the technology and business process in place to allow a fast turn around of incoming information. However, it is well known that a collection of local optimisations seldom results in optimisation at the system level. Also, supply chains can exhibit perverse system level distortions whose solution (or at least amelioration) requires short lead times, honest information and elimination of bottlenecks. These distortions include:
• amplification of variance in the order stream as orders move further away from the end-use customer
• spurious correlations in the order stream
• persistence of disturbance long after a change has been made in the system
• inventory variation in mid-tiers, even when demand is constant and bottom-tier supply is guaranteed (simulations of these phenomena, and detailed descriptions of their operation can be found in [9] )
Because these problems are so sensitive to timely and accurate information, a multi-tier communication system is highly desirable. The desirability of system-wide optimisation calls for supply chains that are characterised by groups of companies across multiple tiers who interact as a group, rather than as a collection of individual trading-partner relationships. The pros and cons of local and system-wide optimisation are summarised in Table 2 .
Making collective business models work, however, is extremely difficult. The difficulties are both business related and technological. The essence of the business problem is that under present conditions there is a very well defined sequencing of parts flow through a supply chain. Further, responsibility and authority in that flow are also very well defined. Each company knows who can tell it what to do, and the allowable limits of those demands. When data flows between two companies, the meaning of the data is (usually) clear. All parties know if the data is to be used for information and planning, or interpreted as a command to act, or taken as a query that demands a response. Once many companies interact as a group, however, authority, responsibility, and the interpretation of messages become much more difficult to negotiate and track. Argyres shows that information technology and agreement over technical standards can play a vital role in helping multi-company collaborations to function [10] . This bodes well for the possible contribution of EB to overall supply chain optimisation.
Table 2
Pros and cons of tight supplier relationships
System-level Direct relationships only

Pros
• shared information promotes collaboration
• fast transmission to people with a need to know
• promotes multi-company collaboration
• opportunity to deal with system-level phenomena
• no radical change in traditional business processes
• traditional business case can be used (not necessarily easy, but at least it is familiar)
• amendable to implementation support through existing trade and industry organisations
Cons
• messy and difficult to know who gets what information, or what the information can be used for (e.g., information only, instructions to act, etc.)
• very hard to implement -requires major changes in how business is traditionally done.
• no existing industry force is up to facilitating the change
• communication is relatively slow up and down the chain
• does not promote multi-company collaboration
The technological difficulty is the babble that passes for communication among trading partners. Consider all of the elements of communication that might move within an extended enterprise -part descriptions, manufacturing specifications, requests for bids, purchase orders, ship notices, price and availability information, sequencing instructions and order status to name but a few. However, there is a low probability that any pair of companies in the enterprise could communicate with each other in an unambiguous fashion without considerable up-front negotiation, investment and oversight. How then, to promote system level improvement within these constraints of business process and technology? In large measure, the problem is one of data interoperability.
Interoperability for optimising supply chains
We define interoperability as, "The flow of information from one system to another without the need for human intervention." This definition implies that whether computers are involved or not, data translation costs are low. Interoperability is the key to improving supply chain functioning because, at present, these costs are so high and because while fundamental change in business process is desirable, small improvements in interoperability are both possible, and capable of resulting in business process changes that will have disproportionately large improvements in supply chain functioning. The reason this is so is that improved interoperability can partially solve the problem inherent in system-wide optimisation, i.e. the difficulties of collective action by companies who do not have contractual relationships with each other. Interoperability can help because it can allow system level information to be widely visible. Of course the ability to communicate on a system level by no means guarantees that such communication will take place. That depends on business decisions, and many delicate matters are involved in those decisions. For instance, given how company X parcels business among its suppliers, what information can X's customers send to X's suppliers? A further difficulty is that 'there is no God,' i.e., there is no entity to force system-wide collaboration. Each set of trading partners still has to work at local optimisation. Still, it is safe to assume that system-wide knowledge will work to the advantage of some of the negotiating pairs, and it is reasonable to hope that as those relationships change, there will be positive cascading effects throughout the whole system. One of the reasons that broad communication does not take place is because of the high cost of the communication itself, given the impediments of poorly interoperable systems. Thus, lowering the cost of communication can provide business with expanded choice in designing business processes that support whole-system perspectives in dyadic decision making. Data standards, whether in the form of formal standards, industry agreements, or de facto acceptance, are the major tools for lowering this cost. (Prominent examples include: 'formal' -EDI, XML, STEP; 'industry agreements' -Rosettanet Partner Interface Processes; 'de facto' -various Microsoft products.) The value of standards is that they amortise the cost of interoperability across many companies, thus lowering the cost of achieving interoperability for any given set of trading partners. We do not mean to imply that standard setting is a low-cost, low-risk venture, or that success is assured. We believe, however, that industrial sectors make decisions, either explicitly or implicitly, about what kind of information environment they wish to create for themselves, and in which they can conduct both their competitive and cooperative activities.
Decisions about promoting interoperability can be viewed in terms of the 'information' curves in Figure 1 . Because of the information babble discussed above, effective communication can be a large component in the information costs. Thus, more facile communication lowers the information curves, and thereby increases the amount of certainty and coordination that trading partners can afford. A complimentary perspective is shown in Figure 3 . Lowering communication costs lower EB costs. As the cost of EB goes down, the range of acceptable business models increases. With these increased choices, trading partners can factor a system-level view, a view not previously available, into their dyadic interactions with immediate trading partners.
Conclusions and recommendations
Under a high level of interoperability as described above, negotiations that comprise supply chain activity can remain at the one-to-one level, but can be informed by knowledge about the functioning of the entire supply chain. Achieving this state is a practical possibility, whilst achieving multi-party, system-level coordination, is not. Of course whether and how system-level knowledge will be used in any dyadic interaction cannot be predicted in advance. Nor is it certain that any given pair in the system will see it as being to their advantage to change in ways that will improve the system as a whole. But it is reasonable to expect that some of the pairs will see such rewards, and as they pursue those rewards, there will be cascading impact on other pair-wise negotiations. The key is to solve the broader interoperability problem as a way of making it practical for local collaborations to improve. To do this, industries need to recognise that they have a vested interest, as a group, in enhancing interoperability through collective standard setting activity.
